In this paper, a simple and efficient approach, directly suspended droplet microextraction (DSDME), has been applied to extract aroma components in Chinese southwest tobacco prior to analysis by gas chromatography -mass spectrometry (GC-MS). The extraction parameters such as organic solvent type, extraction time, temperature, stirring speed and volume were systemically optimized. A single drop of cyclohexane was placed on the top of the aqueous sample which was used as solvent. Under the optimal conditions of DSDME, 62 aroma components of tobacco were analyzed and identified by GC -MS. The approach was used to determine some important aromas in tobacco with the relative recoveries ranged from 75.92 to 102.88%, relative standard deviations in the range of 3.40 -7.14% (n 5 5) and the limits of detection of 0.0002-0.002 mg/mL. Moreover, the DSDME was applied to identify the aromatic components in Chinese southwest tobacco in this research for the first time and the results suggested that the method can be used as rapid determination of the tobacco. This method can enhance the extracting rate of tobacco aromatic components and meet the need of qualitative analysis of large amount samples.
Introduction
The type of tobacco fragrance is one of the most widely concerned items. Therefore, determination of aroma component in tobacco is of great significance to appraise the quality and commercial values of tobacco (1, 2) . It is essential to issue a suitable sample preparing treatment and sensitive analyzer for tobacco analysis, because the aroma components in tobacco are so complex that the contents of some important components are at the trace level. The traditional methods for isolating the flavor compounds from tobacco are to use procedures such as solvent extraction (3), steam distillation (4), simultaneous distillation and extraction (SDE) (5-7), supercritical fluid extraction (8) , solid-phase microextraction (9, 10) , liquid-phase microextraction (11) and headspace analysis (12) . Some of these methods such as solvent extraction, supercritical fluid extraction and SDE are labor-intensive and lacking of sensitivity due to the low concentration levels of target subjects in a rather sophisticated matrix (13, 14) . The SDE method has been employed in the aroma research area for quite a long time; however, it requires large volume of high purity solvents and is time consuming, toxic and expensive, resulting in the production of hazardous laboratory waste. A different approach known as directly suspended droplet microextraction (DSDME) was proposed for extraction and determination of analytes in tobacco (15) .
The method of DSDME is performed that a symmetrical rotated flow field is created by a stir bar placed on the bottom of a cylindrical sample cell to make a microdroplet of solvent suspended on the top center of aqueous sample (16, 17) . Extractant that introduced into the aqueous solution is rapidly reached equilibrium due to the high surface contact between the droplets of the extraction solvent and the aqueous sample (18) . The challenge of keeping the drop on the tip of microsyringe needle in a vigorously stirred sample is conquered by this technique. And the drop volume is relatively large (.5 mL) and this extraction method can be coupled with various kinds of analytical instruments easily. However, the size and shape of the stir bar is crucial to the formation of the drop, which in turn may lead to difficulty in sampling. So it is necessary to choose a proper sized and shaped stir bar made of an appropriate material (19) . The DSDME has seldom been employed so far (20, 21) in spite of its potential use for sample preparation of water and other relatively clean sample. To the best of our knowledge, DSDME has not been used in the aroma research area. Therefore, it is the first time to apply DSDME into extracting aroma components from tobacco.
Our present study described a new miniaturized method for determination of aroma components in tobacco coupled with DSDME-GC -MS. After a small amount of solvent ( 50 mL) being added into the sample, the mixture generated sufficiently in rather a short-time stirred by the stir bar. Afterwards, the extractant was directly analyzed by GC -MS. Compared with other classical methods, this method showed the advantages of simplicity, speedy, low cost, high recovery and minimal toxic organic solvents. This method could greatly enhance the extracting rate of aromatic components in tobacco, and be able to meet the requirement of qualitative analysis of large amount samples.
Experimental
Reagents and chemicals Cyclohexane, hexane, petroleum ether, heptane, toluene, 1-octanol, methanol, ethyl acetate, acetone and dichloromethane (HPLC grade, Dikma, China) was applied in DSDME experiment. Stock solutions of 1000 mg/mL for each aroma components (butyl butyrate, acetophenone, octanal, linalool, 2 0 -methylacetophenone) were purchased from Accelerating Scientific and Industrial Development (Beijing, China). Mixed standard working solution was prepared by dilution of standard stock solution with acetone. All solutions were stored in the dark at 48C. Sample preparation Forty tobacco samples are from sampling points of Yunnan province: Xiangyun, Weishan, Yunlong, Binchuan, Nanjian, Heqing, Eryuan and Midu, respectively. These tobacco leaves were dried to crisp condition, grounded into powder and then screened out through a 60-mesh sieve.
An initial analysis should confirm the blank tobacco samples do not include any target analytes. So all the aroma components in tobacco were extracted by SDE three times before DSDME procedure, from which we could get blank samples. 0.5 g dry tobacco sample was weighed into a 100-mL round flask. Ten milliliter of acetone was added and extracted 30 min at the temperature 608C. The mixed samples were centrifuged for 5 min at 3000 rpm. 2.0 mL liquid of the upper acetone phase was transferred into 12 mL cylindrical sample vial and the solvent was diluted with 8.0 mL ultrapure water. A 10 mL tobacco sample solution was extracted with DSDME.
GC-MS conditions
Data collection were conducted by the gas chromatography (Varian 431) equipped with mass spectrometry (Varian Thermo 200). Chromatographic separations were performed on a DB-5MS column (30 m Â 0.25 mm, 0.25 mm film thickness) containing 5% diphenylsiloxane monomer as stationary phase. The GC oven was optimized and programmed as follows: initially 608C holding 1 min, raised to 1358C at 58C/min, then heated to 1758C at 28C/min, finally raised to 2508C at 58C/min, and held at the final temperature for 2 min. Sample injection volume was 1mL using split mode with the ratio of 10:1. Ultrahigh purity helium (99.999%) was served as the carrier gas at a constant flow rate of 1.0 mL/min. Injector temperature was set at 2808C.
The mass spectrometer was operated with the following parameters: ionization voltage was 70 eV, ion trap temperature was 2208C, manifold temperature was 408C and the mass range was 50.0-350.0 m/z. Electron multiplier voltage was obtained from autotune. DSDME procedure A cylindrical sample vial (12 mL, OD 18.5 mm) with screw top, 10 mL flat-cut syringe and a magnetic stir bar of cylindrical type (10 mm Â 6 mm O.D.) were used in this extraction procedure. Ten milliliters of sample solution were held in a 12-mL sample vial with a stirring bar in. The magnetic stirrer was turned on and adjusted to desired stirring speed. The stirring bar need to be kept rotating smoothly in the center of the bottom in order to keep vortex benign steady. Next, 50 mL of cyclohexane was injected at the bottom of vortex with the vial capped during the extraction process. Ten minutes later, the screw cap of vial was removed and the organic droplet was drawn out by microsyringe. Then the droplet was put into a 100-mL inert vial and automatically injected into GC-MS system for analysis. Results and discussion
Optimization of directly suspended droplet microextraction parameters
The DSDME method is free from cross contamination and easy to reach the equilibration (22) . Some experimental factors may affect the extractability of experiment, including organic solvent type, microdroplet volume, extraction time, temperature and stirring speed (23) . The chromatographic peak areas of analytes were used to evaluate the extraction efficiency under different experimental conditions.
Selection of solvent for sample extraction It was necessary to extract aroma components from tobacco. Water, methanol, dichloromethane and acetone were added in order to facilitate the release of aroma components from matrix. These substances could be extracted when the temperature was 608C. It can be seen from Figure 1a that acetone provided the best extraction efficiency shows good affinity to the aroma components. So acetone was used as the extraction solvent for the following extractions. Also, extraction time was studied in this experiment, and Figure 1b indicated that 30 min was the optimal extraction time.
Selection of organic solvent for DSDME It is essential to choose a proper organic solvent to achieve acceptable selectivity and extraction efficiency. The organic solvent chosen should have low solubility in water to avoid dissolution in the aqueous sample and also have low vapor pressure to prevent loss during extraction (7) . Based on these criterions, several organic solvents such as cyclohexane, hexane, petroleum ether, heptan and 1-octanol were considered. In this study, 50 mL of the organic solvent were tested at stirring rate of 900 rpm for DSDME. 1-Octanol had a high boiling point that should be set much longer time of solvent delay. As shown in Figure 2 , the data indicated that cyclohexane gives the best extraction efficiency and could be used as extraction solvent for the next extraction procedures.
Extraction time for DSDME In theory, the maximum extraction is achieved when the system is at equilibrium. Generally, this procedure requires a period of time for establishing this equilibrium. However, in some cases, it is said that the longer theoretical extraction time the better optimal equilibrium. For measuring the equilibrium time of DSDME in this procedure, extraction time was set varying from 5 to 20 min. The results were shown in Figure 3 . The optimal signals for most analytes were achieved at 10 min. The signal became weaken over 10 min because a portion of the organic solvent drop began to evaporate and simultaneously dissolve in the sample matrix. For the purpose of efficient extraction, the optimized extraction time for the DSDME was set 10 min.
Stirring speed for DSDME The agitation of sample solution enhances microextraction efficiency. Stirring speed has a direct influence on both the shape of droplet and the mass transfer characteristics in aqueous sample (24) . In this study, the effect of the stirring rate was studied in the range of 500 -1100 rpm. Figure 4 shows that extraction efficiency increased for most compounds when the stirring speed was up to 900 rpm, which was selected. It was observed that stirring speed . 900 rpm caused instability and dissolution of the solvent droplet.
Sample temperature for DSDME Temperature of the aqueous sample phase is another important parameter especially for aroma components that should be well controlled. Mass transfer between the aqueous and the organic phases is strongly affected by temperature and the duration of extraction step (16) . Thus, the influence of temperature on extraction efficiency was investigated in the range of 22 -508C, after extracting 10 min. As shown in Figure 5 , peak areas increased with the rise of temperature from 25 to 408C, whereas it decreased slightly when temperature was over 408C. The diffusion coefficients of the analytes should be increased as the temperature rising, although high temperatures might decrease extraction due to solvent evaporation. Finally, 408C was acted as the best extraction temperature.
Organic solvent volume for DSDME The organic solvent volume is a key factor for the extraction enrichment and efficiency (19) . Volume of the acceptor phase was optimized as the sensitivity of the method can be increased by decreasing volume ratio of acceptor/donor phase (16) . The volume of organic solvent was varied from 50 to 200 mL. As shown in Figure 6 , the volume of 50 mL possessed the best extraction efficiency and signals as the organic solvent continuously being added, all the analytical indexes would become weak due to the dilution effect. Thus, optimization goal was to reach phase's ratio because the preconcentration factor (PF) was calculated based on the following equation (25):
where A RP, final and A PS, initial were the final and initial peak areas after and before extraction of the analyte in organic solvent, respectively. V d and V a were volume aqueous sample and acceptor droplet. Smaller volumes (,50 mL) of the organic solvent tended to cause instability of the aqueous droplet during agitation and was hard to collect and could not meet the requirements of auto-injection. Consequently, 50 mL of cyclohexane was selected as the most suitable solvent volume.
Analysis performance
Under the optimized conditions, analytical performance of DSDME technique was evaluated. Ten milliliters of tobacco sample solution, 50 mL microextract volume of cyclohexane, 10 min extraction time and 900 rpm stirring speed with temperature of 408C.
The method was validated in terms of its linearity, repeatability, recovery and the limits of detection (LODs) under the optimal conditions. A calibration study was performed by blank tobacco samples with analytes over the concentration range of 0.01-2.50 mg/mL. All calibration curves had good linearity with correlation coefficients ranging from 0.999 to 0.9997. LOD of the proposed method varied from 0.0002 to 0.002 mg/mL based on a signal to noise (S/N) of 3. The relative recovery (defined as ratios of peak areas of analyses in the spiked real samples and peak area of analyses in pure water sample spiked with the same amount of analyte (24) ) was between 75.92 and 102.88%. The relative standard deviations (RSDs) were 3.40-7.14% (n ¼ 5). Typical chromatograms of aroma components were shown in Figure 7 . The enrichment factor (EF) was calculated as the ratio between analyte concentration in the floating organic phase after extraction and the initial concentration of analyte in aqueous solution; values between 161 and 197 were obtained. The maximum EF in this experiment was 200. The results shown in Table I , indicated that DSDME method was feasible for the determination of aromas in tobacco samples. Other aroma components in tobacco were identified by the library searching with high match values. Among all these separated peaks, 62 aroma components were picked out and identified. The results were listed in Table II . Sixty-two aroma components of tobacco were analyzed and identified by GC -MS.
Conclusions
The approach of DSDME was first used to analyze volatile components in tobacco samples from different locations. This method was hereby proposed as an easily, speedy and sensitive extraction for determination of some primary aromatic ingredients of tobacco. Less amount of solvent, easy pretreatment, environmentally friendliness will make this approach very promising. 
